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The Principle and Application of Two-Dimensional
Gas Chromatograph and Two-Dimensional Gas
Chromatograph/Mass Spectrometer
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Comprehensive two-dimensional gas chromatography (GC x GC) has been designed more than 15
years, currently, it develops to the consummation and related literatures published continuously. The
two-dimensional gas chromatography is one of the most powerful analytical tools for the analysis of
very complex samples. This technique is based on the application of two GC columns coated with
different stationary phases (different polarity), connected in series through a special interface
(modulator), the modulator ensures the preservation of the separation achieved in the first column.
Compounds coeluting from the first column undergo additional separation in the second column.
This leads to increased separation power of the technique compared to conventional 1D GC. If mass
spectrometry is used as the detector, the mass spectra from the sample are highly identical to the
mass spectra from the library.
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1. First-dimension columns

N A RALSPpT | DB-1,HP-1, VE-1ms

100% methylpolysiloxane

ERME e % Rtx-Dioxin 2

Proprietary

GC ,’;‘é-}}fi(:‘) o Rtx-500

Proprietary (carborane)

HT-5

5% phenyl-methylpolysiloxane (carborane)

HT-8

8% phenyl-methylpolysiloxane (carborane)

DB-XLB

Proprietary

DB-Dioxin

Proprietary (44% methyl, 28% phenyl, 20% cyanopropyl,
8% polyoxyethylene-polysiloxane)

LC-50

50% liquid crystalline-methylpolysiloxane

Chirasil-Dex

2,3 ,6-tri-O-methyl-B-cyclodextrin

BGB-172

25% 2 3 6-tert -butyldimethylsilyl-B-cyclodextrin

BGB-176SE

20% 2 ,3-di-O-methyl-6-O-tert.-butyldimethyl-3-cyclodextrin

Second-dimension columns

BPX-5

5% phenyl-methylsilphenylene

HT-8

8% phenyl-polysiloxane (carborane)

Rtx-500

Proprietary (carborane)

DB-17

50% phenyl-methylpolysiloxane

BPX-50

50% phenyl-methylpolysiloxane (silphenylene)

007-65HT

65% phenyl-methylpolysiloxane

OV 1701, DB-1701

14% cyanopropyl-phenyl-methylpolysiloxane

BPX-70

70% cyanopropyl polysilphenylene-siloxane

SP2340

100% biscyanopropyl polysiloxane

VF-23ms

Proprietary (70 —90% cyano-containing polymer)

007-210

50% trifluoropropyl-methylpolysiloxane

LC-50

50% liquid crystalline-methylpolysiloxane

SupelcoWax-10, CP-WAX-52CB

Polyethylene glycol
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1st dim. column

Single-jet loop
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NTEIRIFTRHER - E AR B HTRER - £ D1 HiZk
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Ve — 7 B - (TR —E8 9 FE R D2
oo HEEERBEBUE B L ok B RR AT AS SR SRR
% > R AN I T e e 2 - HaRdED
WM ERAS » — MR > KEAHE 10—20%

Vent Auxiliary gas
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t.—t, ° B MRS TR 25 (88 L 1 B8 A e A 3 —
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D, HIHFEIRRE] > Y $ifl Ry D, BUTRE IR > Z B
{EFRAE - [@ 8(D) Ryl R BB AE TR EE I Ay
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28 FE PP E RIS SR E (contour map) » & F
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FE - BEER A 58 R B PR ] LR A B PR i R
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AT SRR AT AR S E AT AR - (B L85
BRI AR — L AR AR, - T T RESIE
FIH AR > B2 DA R AT RE
1 AR A E R T > W
B REREE EMETTHE

Gaines S5 N\RF— ity 8 P HH A SE T (SR 1% B
BRI R LB E - BT {E A R
Efien o e A BRI A - B 9 SRR
HESEAHIEATERY - BAAEYE L LU AR A AT DI
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LIt (heptadecane) FYLL(E (BiR R MFRlE) ~ fEYIEC

9.
Sk T A R0 4 R
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LT 00 (A) B
T EAERKR 0 (B) BRIR
1 e (C) BRR 2 8

N )4 (8)
PAC7 A=4=2

(phytane) B/ Y ELE (RN IRIED) ~ IRAGHE

SFEYIERILLE (B R pRE) ~ kel £/ sy
HfE CRERGEE) - RIS EREE L E A2
ST ARATERAMIAIE 1 B R AL o RAE
FETLHIA IR R C A B o R AT R AT
A LA S E -
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i 5 _ErgunyEe A TufE - HEIEARSEAR
HAERERE S A RfE - —fHZE Arabica ff © 55
—T#/Z Robusta & [t {EREE FIRENILE
FYIRRIRSY  BRENRERE LLHERIE S Ry S B I
R A T RY)FEA(E © Mondello 55 A Ffrfsi FHHYZEHY
T3 R TEZE [E M ZEHLE (headspace solid-phase
microexaction) * 5 2 SEAYNIYE SR HA 10 ZFHY
ZEH - UEGHE 500 rpm #E8E > IIELE 60 °C #f
Ff 10 38#E1% - DI OB TR TERER, 25—
FIELAY SN (divinylbenzene/Carboxen/polydimethyl-
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®

i

X
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Spill Source 1 Source 2 QC
(a)
Group B

E

,g B2

= O B3

o E B4

X

©
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a

o

P2 c2
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o B C4

X

©
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Source 1 Source 2
(c)
Group D

2
g B PRI/C17
- ; PHY/C18
3 t i |UPRI/PHY
a || |mc17/C18

Source 1 Source 2

11, 285 T FA A SR B R b W AR T E Ik
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76 FUEITRZE —+/\55/<3) 96.6

seconds

0 20 40 60 80 100

minutes

12. Arabica # & = 4 .48 & 47 [ 32 o

0 20 40 60 80 100
minutes

13. Robusta #& 64 =4 £.48 & #7 B 3£ -

siloxane) —fHAYREME (fiber) AR EN FZEZEHY
40 435 > ZEESERRIE GC 1EETE (injector) LA 250 °C
BURHT 0.1 4088 > A HERMETE K EEE T
EHIZRESHT > Al RIS R A CO, TEIRIR
T AT ) 2 R B R RATE

[ 12 % Arabica T it GARETEEE - [H
13 5 Robusta TEHY _AERAEEHTIEIZYE > F —#E%AH
FE T ] Bl AT R R AT > TSR A —HE
RGN R RS HEETE] 100 AL > fEEMTR
[ 3% v LG B B AR ST o IR A B =
o WG HTIE 33 2 37 K 40 E 42 AEHTERE 12
s ESE - R ENYE S ARAE A KR H AT
FHMEIRY pyrazine 543 > HAFMESEE TR T ES
HRAVEEAE -
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2nd dimension (s)

o
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T T T
1600 1800 2000

1st dimension (s)

14. B E ey — e A A B v B s -

T T
1000 1200 1400 2200

FTE Z2 [ AR A B 4 . A SR AR AT e o
AR RE R B AR —([ERA A TE > 17
ERIDHIYE S R R M L ST e
2 > TELEEUS R IE S E B R R R fhET
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No."* | Name - tx (5) - No." | Name - fx (5) -
Ist dim. 2nd dim. Ist dim. 2nd dim.

- Biphenyl 1130 2.6 22 | Chlorfenvinphos (o) 1963 38
- Mevinphos 1187 40 23 | Chlozolinate 1978 3.6
- Propham 1244 2.8 24 | Chlorfenvinphos (f3-) 1981 42
- Phenylphenol (ortho-) 1316 32 25 | Quinalphos 1981 4.6
- Heptenophos 1394 3.6 26 | Triadimenol (1)" 1997 3.7
- Ethoprophos 1472 3.1 27 | Procymidone 1999 40
- Diphenylamine 1454 3.8 28 | Methidathion 1999 58
- Chlorpropham 1508 30 29 | Triadimenol (2)° 2011 3.7
1 Dimethoate 1568 5.7 - Profenophos 2080 4.5
2 | Hexachlorobenzene 1580 2.6 - Prothiophos 2083 3.7
3 | Propyzamide 1675 2.8 - | Flusilazole 2116 43
4 | Pyrimethanil 1675 3.7 - | Bupirimate 2125 4.6
5 | Diazinon 1690 29 - Oxadixyl 2176 1.9
6 | Pirimicarb 1735 43 - | Ethion 2185 4.7
7 | Parathion-methyl 1771 44 - | Propargite 2302 4.5
8 | Chlorpyriphos-methyl 1777 3.8 - | Phosmet 2335 25
9 | Tolclofos-methyl 1783 42 - | Pyridaphenthion 2344 14
10 | Vinclozolin 1786 33 - | Iprodione 2344 5.6
11 | Metalaxyl 1810 40 - | Bromopropylate 2365 4.8
12 | Prometryn 1816 39 - | Bifenthrin 2383 39
13 | Fenitrothion 1837 45 - Fenpropathrin 2392 52
14 | Pirimiphos-methyl 1855 3.6 - Tetradifon 2413 0.7
15 | Malathion 1867 42 - Phosalone 2427 0.5
16 | Fenthion 1885 4.7 - Fenarimol 2487 10
17 | Parathion-ethyl 1888 4.0 - Cyhalothrin (lambda) 2493 4.8
18 | Chlorpyriphos-ethyl 1891 35 - Pyrazophos 2511 0.7
19 | Triadimefon 1906 34 - Pyridaben 2577 0.8
20 | Fenpropimorph 1918 19 - | Permethrin (cis) 2571 0.8
21 | Bromophos-methyl 1930 39 - | Permethrin (trans) 2589 0.5
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% 3.1 GC x GC-FID 18842 & & s 37 7 £ AL &4 v i g e i iV o

Standard Sample
Compound - - - -
First RT (min) | Second RT (s) | First RT (min) | Second RT (s)

Phenanthrene/anthracene 3348 2.67 33.46 2.60
Fluoranthene 38.95 2.86 38.94 2.88
Pyrene 39.94 2.88 39.94 2.94
Benzo (a) anthracene/chrysene 45.65 3.07 45.76 307
Benzo (k) fluoranthene 50.30 3.29 50.29 3.28
Benzo (a) pyrene 51.50 343 51.54 343
Indeno (1,2,3-cd) pyrene/dibenzo (ah) anthracene 56.67 5.11 56.69 5.02
Benzo (ghi) perylene 58.05 5.59 58.05 5.54
9H-fluorenone 32.55 2.96 32.52 2.85°
9,10-anthracenedione 37.28 3.04 37.25 3.00
7H-benz (de) anthracen-7-one 46.29 3.40 46.28 341
5,12-Naphthacenedione 48.96 3.39 48.95 3.38
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Molecular | Concentration
weight (ng/m?)
Target analytes
Phenanthrene/anthracene 178 0.77 £0.06
Fluoranthene 202 0.63£0.07
Pyrene 202 >548+1.38
Benzo (a) anthracene/chrysene 228 1.28 £0.05
Benzo (k) fluoranthene 252 1.16 £0.11
Benzo (a) pyrene 252 049£0.12
Indeno (1,2, 3-cd) pyrene 276 0.67 £0.09
Benzo (ghi) perylene® 276 0.50 £0.07
9,10-Anthracenedione 208 0.64+0.16
7H-benz (de) anthracen-7-one 230 0.96 = 0.33
Non-target analytes

Trimethylnaphthalene 170

Methylfluorene 180
Methylanthracene/phenanthrene 192

4H-cyclopenta (def) phenanthrene 192

Methylpyrene 216

11H-benzo (b) fluorene 216

Cyclopenta (cd) pyrene 226

Benzo (ghi) fluoranthene 226
C4-phenanthrene/anthracene 234

Methylchrysene 242
9-Phenylanthracene 254
Phenylmethylene-9H-fluorene 254
Dimethylanthracenedione 236
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